Ocean Circulation, Sea Level,
and Climate Change
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ot Earth is the ocemﬁf;l‘ﬁf.".'

“How inappropriate to

call this planet Earth,
when clearly it is
Ocean.”
— Arthur C. Clarke —
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Amount of heat absorbed by different
parts of the Earth's climate system
over the past 40 years

Atmosphere
(4%)
Oceans

(84%) 4 Continents

(5%)

Ice
(7%)

from Levitus et al., 2004
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Recent Sea Level Rise 130
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A Typical Weather Chart .
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Determining ocean circulation from space through

ocean surface topography,

the height of the sea surface above a surface of uniform
gravity, the geoid.

| Ocean surface topography (2m)

2 t
',;_, Geoid (200 m)

— sea surface

Geostrophic
balance
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A quarter century of collaboration between NASA and CNES
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History of Satellite Altimeter Accuracy

GEOS-3
1975-78

Seasat
1978

Geosat
1985-89

100 fold improvement in 25 years

B Orbit Error
B Instrument Noise

centimeters

ERS-1 ERS-2 TOPEX Jason-1
1991-96 1995-2003 1992- 2002—-
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OCEAN SURFACE TOPOGRAPHY
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ponent of ocean surface current veloc
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El Nino / La Nina

TOPEX/POSEIDON and Jason-1

httpi//topex-www.jpl.nasa.gov
18 14 <10 -6 -2 2 6 10
TOPEX/'POSEIDON maps of sea surface helght relative to normal




The Pacific Decadal Oscillation

# 55y

: __ Pl - .v;:.-_\‘ 5 / , ' ;,i,'_':i:-'
__Positive PDO i == PLE &
N r— ! _v:,._;”:; e " . " A

PDO

19i20 19|40 19160 1938() 2();0()
20080304Dimotakis Lake Mead




WATTS

o Ol

1994

1996 1998

1994

2000

2002

1996

Year

2004

1998

200



ﬁh"‘
Reliable prediction of climate change
breakthrough in understanding the
vertical motion in the ocean

HIGHER LATITUDES

NORTH POLE ‘ EQUATOR

TIDAL MIXING




" M2 Tidal Energy Dissipation

From balance of working and flux divergence

R Ray, GSFC

Total tidal dissipation=1 TW (1072 ) ~ 1/3 US energy

consumption rate; half of total ocean mixing Egbert & Ray (2000)




ertical motion and mixing takes place ir I

Ocean current speed at 15 m depth from 1/16th ECCO2 integration
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| High-fémﬁi&n wide-swath altimetry will make

pugh in observing the oceanic submesoscale
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Sea Lm a present and imminent impact of
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chmate change
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24 leVMﬁfter instantaneous removal of ice from

g il -
the Western Antarctic Ice %QV —ct—

A global
average of
3.2 m, but
the highest
is around
the US

Normalized w.r.t. eustatic
—-0.50 -0.25 0.00 0.25 0.50

o] 80 160
Fully collapsed WAIS (cm)

Including the effects of self gravitation, elastic rebound of the lithosphere, and

Earth rotation perturbations but excluding the effects of ocean circulation and

other sources of ocean mass.
Bamber et al, 2009




Combining Data to Study Sea Level Change
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Addition of Heat Addition of Freshwater Total Sea Level Rise
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J. Willis/JPL




o Global Surface Mass Trends Observed by GRACE 2002-2007

Note ice mass loss in Greenland, Antarctica, Alaska

(Watkins, 2008)



- “Unknown systematic errors

Estun:‘ligd errors of’tl;g.,sea evel trend
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(Willis et al, 2008)

20035 2004 2004.5 2005 2005.5 2006 20065 2007 20075

0.006 0012 0018 0024 003 0036 0042 0048 0054 0.06 m/yr

‘*;: = Rahmstorf, 2007
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— Predicting sea level
change is a complex,
-challenging, and
long-term problem.
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Sea Level Change (cm)




_—— Closing Remarks

imetry has revolutionized mg_-sm&& Of
_‘:- ulation and sea level in relation to climate
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s servmg the small-scale ocean currents that
de termine the ocean’s capacity for regulating
vﬂlmate change.
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* Monitoring and predicting sea level change as a
multidisciplinary problem (oceanography,
meteorology, glaciology, geodesy, geodynamics,
hydrology, etc).

* NASA is positioned to set an agency-level focus on




41 Tide Gauge Observations

|

Climate Model Predictions i
(IPCC 3rd Assessment, 2001)

Sea Level Change (cm)
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Coastal Impacts
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Over 2.2 billion people live within 100 km of the coast!




